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证明了纳米药物对肝癌细胞 SMMC7721 的杀伤力在 ATO 的基础上进一步提高，
































































Background and objectives: Arsenic trioxide (ATO) is an effective clinical drug to 
treat acute promyelocytic leukemia. However, its application in oncotherapy is limited 
due to the dose-limiting toxicity and poor pharmacokinetics. Affibody is a special 
protein binding ligands and possesses many advantages, such as small molecular 
weight, strong affinity, special modification sites, and high stability, over ordinary 
antibody. So far, there is no report about Affibody applied to liver cancer targeted 
therapy. To improve the efficiency of ATO delivered into cancer cells and exhibit 
much higher cytotoxicity to liver cancer cells than conventional ATO. We have 
already synthesized two new multi-functional Arsenic nano-drugs, 
Ni,As@SiO2-Affibody and Mn,As@SiO2. In this article, we studied the cell toxicity, 
targeting therapeutic effect and the ability of inhibiting the growth of liver cancer of 
Arsenic nano-drugs at the level of cell, tissue and animal and discussed their main 
mechanism for the further clinical translational research.  
 
Experimental methods: The immunohistochemistry was used to investigate the 
expression of EGFR in liver cancer tissue samples; The MTT assay was used to test 
the half maximal inhibitory concentration (IC50) of nano-drugs acting on liver cancer 
cells. We analyzed the effects of nano-drugs on the apoptosis, differentiation, 
migration and invasion of liver cancer cells;Animal experiments were used to 
evaluate the effects of nano-drugs on targeted and therapeutic effect. Biopsy immune 
staining analysis and blood biochemical analysis were applied to study the effects of 
nano-drugs on the damage of normal tissues and organs.   
 
Results: The results of immunohistochemistry demonstrated the high expression of 
EGFR in cancerous tissues of the liver cancer specimens. The cell toxicity assays 
shows that the nano-drugs have much higher anticancer activity comparing with 















Mn,As@SiO2 is 2.8g/ml. The mechanism may be that the nano-drugs can further 
induce the cell apoptosis, differentiation, and dramatically inhibit the migration of 
cancer cells investigated by apoptosis detection using flow cytometry, cell 
differentiation experiment, wound healing test and invasion experiment respectively. 
Moreover, the nano-drugs significantly potentiated the therapeutic efficacy effects of 
ATO in vivo by inhibiting the growth of liver tumor in an H22 tumor mice model. HE 
staining results and biochemistry indices also showed that this targeting nano-drug 
have no damage to the normal organs. The distributional experiments of nano-drugs in 
vivo illustrated that Affibody has the specifically targeted ability to liver cancer. More 
important, Mn,As@SiO2 can significantly inhibit the invasion and metastasis of 
SMCC7721 cells in vitro and vivo. 
 
Conclusions: The smart multifunctional Arsenic nano-drugs, Ni,As@SiO2-Affibody 
and Mn,As@SiO2, have the distinct targeting effects on liver cancer and strongly 
inhibited the growth and metastasis of liver cancer. These results indicated that 
intelligent nanoparticulate systems may promote the applications of ATO in liver 
cancer chemotherapy with low risk of recurrence and metastasis of liver cancer. 
 
Keywords: Nanomedicine  Arsenic trioxide  Affibody  Liver cancer therapy 





















目  录 
V 
目 录 
摘 要........................................................................................................... I 
ABSTRACT ............................................................................................ III 
第一章  前言 ............................................................................................ 1 
  1.1 肝癌的治疗现状 ................................................................................... 1 
  1.2 三氧化二砷 .......................................................................................... 1 
  1.3 纳米载体 ............................................................................................. 2 
  1.4 肝癌靶向分子 ...................................................................................... 3 
  1.5 EGFR 亲合体（AFFIBODY） .............................................................. 5 
  1.6 本文研究的目的和内容......................................................................... 7 
第二章 材料与方法 .................................................................................. 9 
  2.1 实验材料 ............................................................................................. 9 
  2.2 实验方法 ........................................................................................... 14 
第三章  结果与分析 .............................................................................. 22 
  3.1 肝癌组织中 EGFR 高表达 .................................................................. 22 
  3.2 靶向镍砷纳米药物提高了对 SMMC7721 的细胞毒性 ............................ 23 
  3.3 靶向镍砷纳米药物促进肝癌细胞分化和抑制其迁移侵袭能力 ............... 24 
  3.4 靶向镍砷纳米药物促进肝癌细胞凋亡 .................................................. 26 
  3.5 靶向镍砷纳米药物有效抑制小鼠肝癌生长 ........................................... 27 
  3.6 靶向镍砷纳米药物靶向性分析 ............................................................ 29 













目  录 
VI 
  3.8 锰砷纳米药物提高了对 SMMC7721 的细胞毒性................................... 32 
  3.9 锰砷纳米药物抑制其迁移侵袭能力 ..................................................... 33 
  3.10 锰砷纳米药物有效抑制小鼠肝癌生长 ................................................ 34 
  3.11 锰砷纳米药物抑制肝癌的转移 ........................................................... 37 
  3.12 锰砷纳米药物通过杀伤血液中的肿瘤细胞抑制肝癌的转移 ................. 39 
第四章 讨论 ............................................................................................ 40 
参考文献 .................................................................................................. 43 
缩略词表 .................................................................................................. 51 
致谢 ........................................................................................................... 52 



















第一章  前言 
1 














治疗急性早幼粒细胞性白血病（APL）, 并可诱导 APL 细胞凋亡[8]。ATO 在临床
上用于治疗急性早幼粒细胞性白血病已经有几十年的历史[9]，ATO 也是经过食品


























和肝脏功能的损伤[23]，这些副作用限制了 ATO 在实体瘤治疗中的运用。 
1.3 纳米载体 
有报道显示用脂质体包裹无机 ATO 可以克服这些不足[24, 25],由于 As2O3 的水
溶性较低，Lee 等合成了具有 pH 响应的镍砷复合物 Ni(HAsO3)，并其表面包裹
















吞作用和通透性增强和停滞（enhanced permeability and retention，EPR)效应帮助
























（mesoporous silica nanoparticles, MSN）作为载体连接抗癌药物阿霉素 DOX，发



















如，大小在 10~100 nm 的纳米粒子可通过肿瘤血管壁的 EPR 效应聚集在肿瘤组
织部位[47, 74]。目前已有很多研究是运用纳米载体的被动靶向实现肝癌治疗效果



























径；(4) pH 响应途径；(5) 基因介导靶向途径等。 
目前已有的研究中用于纳米颗粒主动靶向肝癌细胞的受体有：转铁蛋白受体




用实现纳米粒子在肿瘤部位的靶向运输。如 Wei 等用 lactoferrin (Lf, Tf 的类似物)
作为靶向分子提高了 PEGylated 脂质体对肝癌细胞的靶向能力[78]。Krishna 等则
以 apotransferrin 作为靶向分子实现药物在肿瘤组织的特定运输，而对心、肾、
肝脏正常部位等组织毒性较小[79]。叶酸受体在卵巢癌、肾和肝癌中大量表达[82]，
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对正常组织毒性, 选择性发挥抗肿瘤作用。C225 抗体是可特异性结合 EGFR 抗










pH 5.8 的环境中释放的药物比在 pH 7.4 的环境中多，这可能是由于 DOX 在酸
性环境中水溶性较好且壳聚糖对酸敏感[4]。但目前已报道的用于药物运输的智能
纳米载体都很复杂，使得药物的生物可利用率不高，缺少实用性[98-101]。 
























属于 ErbB 家族中的酪氨酸激酶受体, 与肿瘤增殖、血管生成、肿瘤转移和抗凋












了很好的特定靶向能力[110]；Miao 等利用 EGFR 亲合体 Affibody 与 64Cu 相偶联
制成 PET 造影剂，发现其在人皮肤鳞状细胞癌 A431 细胞株中具有很强的对比增
强作用[111]；Tolmachev 等发现 Affibody 对高表达表皮生长因子受体 EGFR 的恶
性肿瘤具有很高的亲和力[112]；肝癌细胞中高表达 EGFR，其与肝癌的形成、发
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